Simultaneous blockade of NFkappaB, JNK, and p38 MAPK by a kinase-inactive mutant of the protein kinase TAK1 sensitizes cells to apoptosis and affects a distinct spectrum of tumor necrosis factor [corrected] target genes.
The inflammatory response is characterized by the induction (or repression) of hundreds of genes. The activity of many of these genes is controlled by MAPKs and the IkappaB kinase-NFkappaB pathway. To reveal the effects of blocking these pathways simultaneously, fibroblasts were infected with retroviruses encoding TAK1K63W, an inactive mutant of the protein kinase TAK1. Expression of this protein inhibited tumor necrosis factor (TNF)-induced activation of NFkappaB, JNK, and p38 MAPK and sensitized the cells to TNF-induced apoptosis. 23 different microarray experiments were used to analyze the expression of >7000 genes in these cells. We identified 518 genes that were regulated by TNF in both TAK1K63W-expressing cells and control cells, 37 genes induced by TNF only when TAK1K63W was present, and 48 TNF-induced genes that were suppressed by TAK1K63W. The TNF-inducible genes that were most strongly suppressed by TAK1K63W, ccl2, ccl7, ccl5, cxcl1, cxcl5, cxcl10, saa3, and slpi also had much lower basal levels of expression, indicating that TAK1 also played a role in their normal expression. Chromatin immunoprecipitation studies on four of these genes suggested that inactivation of TAK1 activity led to direct suppression of expression at the transcriptional level because of impaired recruitment of RNA polymerase II to their promoters. ccl2 induction by TNF or interleukin-1 was also suppressed in cells that expressed TAK1 antisense RNA or that were genetically deficient in JNK1/2 or p65 NFkappaB. These data suggest that regulation of the expression of a selected group of inflammation-related genes is funneled through TAK1, making it a potentially useful target for more specific anti-inflammatory drug development.